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RESUMEN
El objetivo de este estudio fue evaluar la adsorción de 
plomo (II) y cromo en soluciones acuosas con raquis de 
Zea mays (RZM). Se realizaron experimentos en sistema 
batch por triplicado, se evaluó el contenido de metales por 
absorción atómica. De acuerdo a los estudios de caracte-
rización, el biomaterial fue clasificado como mesoporoso, 
con un tamaño de poro promedio de 6.16 nm y es estable 
hasta 220°C, este material se compone principalmente 
por lignocelulosa. Se determinó que el proceso de adsor-
ción de plomo (II) y cromo con RZM a pH de 5.0 se llevó a 
cabo por quimisorción logrando remover el 100 y 64.8% 
de cada ion, respectivamente, la Isoterma de Freundlich 
describió el proceso para plomo (II) (R2=0.999) y la Isoter-
ma de Langmuir para cromo (R2=0.989). Los resultados 
muestran que el RZM es recomendable para la remoción 
de estos dos metales, aunque es más favorable para re-
mover plomo (II).
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RESUM
L’objectiu d’aquest estudi va ser avaluar l’adsorció de 
plom (II) i crom en solucions aquoses amb raquis de Zea 
mays (RZM). Es van realitzar experiments en sistema 
batch per triplicat, es va avaluar el contingut de metalls per 
absorció atòmica. D’acord als estudis de caracterització, 
el biomaterial va ser classificat com mesoporós, amb una 
mida de porus mitjana de 6.16 nm,   estable fins a 220°C, 
i aquest material està compost principalment per lignocel.
lulosa. Es va determinar que el procés d’adsorció de plom 
(II) i crom amb RZM a pH de 5.0 es va dur a terme per 
quimisorció aconseguint remoure el 100 i 64.8% de cada 
ió, respectivament. La Isoterma de Freundlich va descriure 
el procés per plom (II) (R2=0.999) i la Isoterma de Langmuir 
per crom (R2=0.989). Els resultats mostren que el RZM és 
recomanable per a la remoció d’aquests dos metalls, en-
cara que és més favorable per remoure plom (II).
Paraules Clau: Biosorció; metalls pesants; Zea mays.
SUMMARY
The aim of this study was to evaluate the adsorption of lead 
(II) and chromium from aqueous solutions by Zea mays ra-
chis (ZMR). Experiments were performed in a batch sys-
tem in triplicate, metals content was evaluated by atomic 
absorption. According to the characterization studies, the 
biomaterial was classified as mesoporous, with an avera-
ge pore size of 6.16 nm and is stable up to 220 °C, it is 
composed mainly by lignocellulose. It was found that the 
adsorption of lead (II) and chromium on ZMR at pH of 5.0 
is a process of chemisorption with removal percentages of 
100 and 64.8 % respectively, Freundlich isotherm descri-
bed the process for lead (II) (R2= 0.999) and the Langmuir 
isotherm for chromium (R2 = 0.989). The results show that 
the ZMR is suitable for the removal of these two metals, 
although it is more favorable for Lead (II).
Keywords: Biosorption; heavy metals; Zea mays.
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INTRODUCTION
The increasing population, unplanned urbanization, ra-
pid industrialization and the excessive use of natural 
sources have led to the deterioration of water quality 
in many parts of the world [1]. Contamination by hea-
vy metals may have a deleterious effect on freshwater 
sources such as dams, lakes, rivers and underground 
aquifers; because they are toxic, they can accumulate 
in the food chain, are not biodegradable and can cause 
various health problems in humans [2]. Therefore, the 
elimination of lead and chromium from contaminated 
water is important in terms of protecting public health 
and the environment [3].
Biosorption has emerged as a process that has ad-
vantages such as easy operation, effective to recover 
metals, environmentally friendly and also has an added 
value in using it as an agricultural residue [4]. Biosorp-
tion is a physicochemical phenomenon that depends 
on a number of factors: the physicochemical characte-
ristics of the metal of interest, dissolution characteris-
tics of the metal, such as pH, temperature, presence of 
other ions and the biosorbent characteristics: strength, 
porosity, specific area, chemical structure, chemical 
stability and mechanical [5, 6, 7, 8, 9]. Among the pa-
pers reported with biosorbents for the removal of heavy 
metals, different materials have been used as Zea mays 
(stalk sponge) [10], shell mamey [11], husk tomato [12], 
algae [13], coconut shell [1], sawdust [14], nopal [15], 
cork [16], orange residue [17], residues of roses [18], 
nutshells [19],  among others. 
In this study the adsorption of lead (II) and chromium was 
evaluated in aqueous solutions using agricultural waste 
Rachis of Zea mays (ZMR), commonly known as corn-
cob. The ZMR was used because there are not any report 
on  its use as a sorbent, in  addition Zea mays is the 
second crop in the world because it is considered one 
of the three major cereals. In Mexico, about 12.3 million 
tons of corn are consumed annually, primarily through the 
corn tortilla, where it is estimated to generate 3.075 mil-
lion tons of ZMR [20].
METODOLOGY
Samples
The ZMR was purchased obtained from Calimaya State of 
Mexico in November 2012. To prepare the biosorbent, ZMR 
was crushed, milled and sieved to 100 mesh meshes (0.149 
mm) and washed with deionized water with an electric mi-
xer Heidolp brand, to remove adhered impurities. The pro-
cedure consisted in contacting 2000 mL of deionized water 
and 100 g of biomass for 30 minutes with mechanical sti-
rring, subsequently they were decanted and washed repea-
tedly with deionized water until the washing solution was 
colorless, then the biosorbent was dried in an oven at 40 
°C for 72 h and finally was placed in a desiccator for further 
characterization and testing of adsorption.
Characterization ZMR
For structural characterization of natural samples, specific area 
studies were determined by the method of Bruner-Emmet-
Teller (BET), Thermogravimetric Analysis (TGA) and Scanning 
Electron Microscopy (SEM); the last one was also used to char-
acterize samples (ZMR) after adsorption tests. The main func-
tional groups were determined by Fourier Transform Infrared 
Spectroscopy (FTIR) before and after the adsorption process.
BET surface area
The study of specific surface area and average pore di-
ameter of ZMR was done by using a computer-MAX 
BELSORP, 200 mg of the sample was out gassed in-flow 
Belprep II equipment at a temperature of 100 °C for 17 
h. Subsequently, the cell was placed and the equipment 
was operated at 77°K through the adsorption and desorp-
tion processes of N
2 gas under a pressure of 76.8 KPa. 
Samples were analyzed in triplicate.
Analysis TGA
To determine the pattern of thermal degradation of ZMR, 
a thermogravimetric analyzer Model LINSEIS 1600 was 
used, with a flow of 10 °C min-1. Evaluations were made 
in triplicate; samples of 10 mg were used, starting from 
room temperature to 800 °C, with intervals of 200 °C.
Scanning Electron Microscopy (SEM)
The morphology of the material was analyzed with a scan-
ning electron microscope JEOL brand JSM-6610LV to 10 
KV. In all cases the images were taken with a backscattered 
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Kinetics Isoterms Variables 
aPseudo-first order 
 
Log�qe-qt�=Log qe-
KL
2.303 	�
dLangmuir
Ce
qe
= 1qmaxb
+ Ceqmax
qe: biosorption capacity in equilibrium (mg 
g-1)
qt: amount of biosorbate at time (mg g-1)
KL: Pseudo-first order constant (min-1)
t: time of contact between the biosorbent 
and biosorbate (min).  
K2: pseudo second-order rate constant (g 
mg-1 min-1)
KDC: constant adsorption model (mg (g·t0.5)-1)
Ce: concentration of the solution in 
equilibrium (mg L-1)
qmax: maximum adsorption material 
capacity (mg g-1) assuming monolayer 
adsorbate  
b: slope  
KF:Freundlich constant (mg g-1(mg-1)(1/n)-1
n: Freundlich exponent and Langmuir-
Freundlich (dimensionless), whose 
reciprocal sorption indicates the intensity  
1/n: ratio related to the intensity of 
adsorption;  
KLF: on the affinity constant (mg-1) (1/n)-1
aLF: empirical constants (dimensionless)
bPseudo-second order 
t
qt
 = 1��qe
+� 1qe
�
eFreundlich
Log	qe=Log K�+
1
n Log C�
cDifusion-chemisorption 
 
t0.5
qt
= 1qe
 t0.5+ 1KDC
fLangmuir-Freundlich 
qe=
KLFCe1/n
1+aLFCe1/n
a[23, 24, 25]; b[26,27]; c[28]; d,e,f[29,30]
2.3.2. Adsorption percentage 
The percentage of lead (II) and chromium adsorbed by ZMR biosorbent was 
determined from the difference between the initial (��) and the final (��)
concentration of lead (II) and chromium ions in aqueous solutions before and 
after biosorption. The following equation was used for the adsorption 
percentage calculation [10]:
����������� � �������  *100% 
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electron detector. Elementary chemical compositions of the 
samples were determined by Energy Dispersive Spectros-
copy (EDS) with a penta-FET Oxford.
FTIR Studies
These studies were made before and after the adsorption 
process using a Varian spectrophotometer Model 640. The 
samples were scanned from 4000 cm-1 to 400 cm-1 at inter-
vals of 500 cm-1. These studies were conducted in parallel to 
the adsorption to investigate the mechanisms to determine 
the role of hydrogen and OH- in the adsorption process.
Adsorption Studies
Batch adsorption experiments were carried out with ZMR 
100 mg, which were contacted with 10 mL of a solution of 
10 mg L-1 of lead (II) or chrome, the pH was adjusted to 5 
with NaOH or HCl solutions, subsequently they were put 
under stirring at 50 rpm on a rotary shaker Glass-Col RD 
4512 at 0.08, 0.16, 0.25, 0.33, 0.5, 0.58, 0.75, 1, 1.5, 2 and 
3 h. Once the stirring time finished, the mixtures were  fil-
tered; the liquid phases were acidified with HNO3 to a pH 
lower than 2, then the remaining concentration of lead (II) 
and chromium were determined by atomic an absorption 
equipment (Perkin Elmer Model 31104).
Sorption Kinetics and Isotherms Models
Table 1 shows equations for calculating the rates at which 
the contaminants  were removed from the aqueous me-
dium (kinetic equations) and the sorbed ratio per unit mass 
of sorbent and the amount of solute remaining in solution 
at  equilibrium (isothermal equations) [21,22].
Adsorption percentage
The percentage of lead (II) and chromium adsorbed by 
ZMR biosorbent was determined from the difference be-
tween the initial (ci) and the final (cf) concentration of lead 
(II) and chromium ions in aqueous solutions before and af-
ter biosorption. The following equation was used for the 
adsorption percentage calculation [10]:
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RESULTS AND DISCUSSION
BET surface area
The results of the analysis of the specific area of biosor-
bent are: BETarea = 1.4626 m
2 g-1 and a mean pore diameter 
of 6.16 nm. According to the IUPAC classification [31, 32], 
the biosorbent studied is a mesoporous material. Com-
paring the specific surface area with other biosorbents, it 
appears that the value is acceptable, as shown in Table 
2. The determination of this feature is of most importan-
ce since the porosity permits the diffusion of metal ions 
through the material and therefore provides greater acces-
sibility to the internal active sites and consequently on the 
adsorption capacity, however, it is not the only factor, also 
it depends on the active sites (functional groups) on the 
material [33].
Table 2. Specific area of different biosorbents
Sorbent AREA BET  (m
2 g-1) References
Stalk sponge 2.3000 [10]
Sorghum straw 1.2047 [33]
Oat Straw 0.9399 [33]
Sawdust 0.8600 [34]
Agave bagasse 0.5823 [33]
Waste tea 0.3900 [35]
ZMR 1.4626 This work
TGA Analysis
The first weight loss equivalent to 7% was observed in 
the range of 21-115 °C (Figure 1), which could be attrib-
uted to the removal of weakly bound water molecules, 
Zvinowanda et al. [36], reported that usually endothermic 
reactions occurs in cellulosic materials, resulting from 
the generation of non-combustible gases, and produce 
mainly water vapor, traces of carbon dioxide, formic and 
acetic acid. The second weight loss occurs from 221 to 
310 °C, characterized by a marked decrease in the bio-
mass, with a 48% weight loss, according to Li X et al. 
[37] the volatile low molecular weight compounds are re-
leased and most of them come from the hemicellulose. 
The third stage reaction may be due to rupture of high 
molecular weight compounds such as cellulose and lig-
nin, and weight loss was 35% at temperature higher than 
523 ºC to yield a carbonaceous residue containing car-
bon and ash [38, 39].
 
Figure 1. Thermogravimetric Analysis ZMR
The thermogram with peaks at 334 and 464 ºC obser-
ved in the Differential Thermal Analysis (DTA) (Figure 
1) and the plateau can be attributed to the reaction 
mixture. These reactions include pyrolysis of cellulosic 
macromolecules such as cellulose, hemicellulose and 
pectin, which underwent pyrolysis at these temperatu-
res to form more stable compounds which are rich in 
carbon. Heating at temperatures above 377 °C, causes 
the material to char and release volatile combustible 
gases and only ashes remain. The data analysis of TGA 
for this study gives 7% of ash residues. It has been re-
ported that the cellulosic materials from wood result in 
around 10%, which agrees with the results obtained in 
this study, therefore ZMR is stable and can be used up 
to 220 °C [10, 36, 40].
Figure 2 shows the micrographs of crushed natural ZMR 
where fibrous structures are observed in the surface of the 
material and the inside part consists of a thick layer with 
pores and smooth sheets.
Figure 2. Micrograph crushed ZMR a) 33X y b) 100X
3.3 Scanning Electron Microscopy (SEM) 
In Figures 3 a) y b) show the micrographs of the biomass 
are shown after being conditioned and amplified at 700X 
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and 1000X magnifications respectively, there is a similar 
morphology in surface with circular pores of different dia-
meters (20 to 30 microns and 17 to 19 um), and within 
these, smaller pores than about 2 microns in diameter are 
observed, moreover the fibrous structure before conditio-
ning, it is not appreciated due to the particle size (0.149 
mm) obtained after grinding and sieving. 
Figure 3. Micrograph ZMR conditioning a) 1000 X b) 700X
In Figure 4 b) micrographs of biomass after conditioning 
are shown at 500X and 1000X, respectively, in both figures 
pores with similar diameters are observed. Furthermore in 
Figure 4 b) spherical forms, associated to the starch pres-
ent in the biomass of the ZMR are observed [41].
Figure 4. Micrograph RPM) 1000 X and b) 500X
Quantitative analysis (EDS) was made to determine 
the elemental composition of the ZMR, the presence 
of O (47.67%) C (38.61%), Si (8.13%), Al (2.93%), Na 
(1.88%), Ca (0.49%), K (0.22%) and Fe (0.08%) were 
observed; the main components are oxygen and car-
bon which is typical of organic materials.
Figure 5 a) shows the surface morphology after sorp-
tion of lead (II) in equilibrium. In general the process did 
not affect the surface because pores and the spherical 
agglomerates are observed, however bright fine parti-
cles of about 4 and 2 microns composed by lead were 
found. The spectrum of the elemental analysis (Figure 
5b) indicated the presence of: C (51.2%), O (39.96%), 
Al (0.27%), Si (3.79%), Pb (0.42%) and K (4.41%). In 
comparison with the natural ZMR, the weight percent-
ages of oxygen, aluminum and silicon decreased, sug-
gesting possible ion exchange [42, 43]. 
Figure 5. a) Micrograph of ZMR after lead (II) ad-
sorption process, b) EDS spectrum
Figure 6 a) shows the ZMR surface after adsorption of chro-
mium in equilibrium, which is not affected because the same 
porosity and structure were observed; moreover, fine bright 
particles from the order of 10 microns were observed which 
contain chromium. In Figure 6 b) the spectrum of the ele-
mental analysis is shown its composition was: C (51.34%), 
O (39.03%), Si (4.86%), Cr (0.53%) and Fe (4.24%). In this 
case the percentages of carbon and oxygen increased, sil-
icon and iron decreased and aluminum disappeared, sug-
gesting a possible ion exchange with aluminum and silicon 
and / or possible complexation. 
Figure 6. a) ZMR Micrograph after adsorp-
tion process chromium, b) EDS Spectrum
FTIR analysis
Figure 7 shows the spectra: a) after biosorption process of 
lead (II), b) before biosorption process and c) after chromium 
biosorption process; comparing the bands before and after 
the biosorption equilibrium, it is observed the differences due 
to the interaction of the functional groups with heavy met-
als involved in biosorption. Similar studies with natural and 
modified tomato shell to remove iron, found no significant 
differences between manganese and iron-manganese [40].
The FTIR analysis were made before and after sorption pro-
cess, the pure ZMR Figure 7 (b) shows the presence of the 
next principal functional groups by binding vibrations of O-H 
(3313 cm-1), C-H (2920 cm-1), C=O (1637 cm-1) and C-O (1018 
cm-1). The spectrums for used ZMR as shown in Figure 7 after 
lead biosorption (a) and after chromium biosorption (c) shows 
the band shifted from 3313 cm-1 to 3301 cm-1 and 3315 cm-
1, that suggests that two ions interaction with the mentioned 
group. The absorb band at 2920 cm-1 assigned to the vibra-
tion of group shifted to higher wavenumber (2929 and 2935 
cm-1). The bands presented at 1637 shifted to 1652 cm-1 in the 
lead spectrum. These shift in the bands indicated that these 
functional groups were involved or affected by complexation.
Figure 7. FTIR spectra of ZMR, a) After biosorp-
tion process of Lead (II), b) Before biosorption pro-
cess c) After biosorption process of chromium
Adsorption
Effect of pH
One of the most important factors affecting the adsorption 
of metal ions is the pH of the aqueous solution. According 
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to several authors, the pH can influence both the metals 
which are in solution and the functional groups responsible 
for the binding of the metal to the solid surface. Acidity of 
the environment affects the competition between hydrogen 
ions and metal ions. As the pH of the solution increases, 
the functional groups are negatively charged, favoring the 
adsorption of metal ions [44-47]. 
As shown in Figure 8), the amount of lead (II) removed in-
creases with increasing pH values, obtaining a maximum 
adsorption capacity at from pH 4. In Figure 8 it is apprecia-
ted that the amount of chromium removed also increases 
with increasing pH values, obtaining a maximum adsorption 
capacity from pH 5 and higher. However, for pH values hig-
her than 5, chromium precipitates as hydroxides Cr(OH)2, 
Cr(OH)3 and Cr(OH)4, which would involve two phenomena: 
precipitation and adsorption [48, 49].
 
 
3.5 Adsorption 
3.5.1 Effect of pH 
One of the most important factors affecting the adsorption of metal ions is the 
pH of the aqueous solution. According to several authors, the pH can influence 
both the metals which are in solution and the functional groups responsible for 
the binding of the metal to the solid surface. Acidity of the environment affects 
the competition between hydrogen ions and metal ions. As the pH of the 
solution increases, the functional groups are negatively charged, favo ing th  
adsorption of metal ions [44-47].
As shown in Figure 8), the amount of lead (II) removed increases with 
increasing pH values, obtaining a maximum adsorption capacity at from pH 4. In 
Figure 8 it is appreciated that the amount of chromium removed also increases 
with increasing pH values, obtaining a maximum adsorption capacity from pH 5 
and higher. However, for pH values higher than 5, chromium precipitates as 
hydroxides Cr(OH)2, Cr(OH)3 and Cr(OH)4, which ould involve two 
phenomena: precipitation and adsorption [48, 49]. 
 Figure 8. Influence of pH on ZMR sorption  
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 Figure 8. Influence of pH on ZMR sorption 
A pH higher than 5 the contribution is mainly due to the 
precipitation of the metal ions as insoluble hydroxides, the-
refore pH value of 5 was considered for the kinetics and 
isotherms, since at this pH value the predominance of the 
ionic species is guaranteed and it is within the maximum re-
moval capacity [50-52]. Comparing these results with other 
researches using biomass it was found that this pH value 
depends on different factors such as types of sorbent and 
sorbate as well as on their concentrations, temperature, etc.
Adsorption Kinetics
As can be seen in Figure 9, the amount adsorbed of lead 
(II) increases with the contact time up to equilibrium was 
achieve, after 20 min, the removal capacity was 1,108 mg 
g-1 (100%).
 
 
 
 
  
Figure 9. Biosorption of lead (II) in aque-
ous solution with contact time ZMR
These results are consistent with studies of Ficus religious 
leaves by Qaiser [53], who used 1 g of biomass in 100 
mL of lead (II) and chromium (III) solutions at pH 5.8 and 
5.2 respectively, with 80 % removal in the first 15 minutes, 
reaching a constant concentration in 30 minutes. This be-
havior may be due to intercellular spaces and to the avai-
lability of functional groups present along the outer surface 
of the biomass [54].
Figure 10 shows the adsorption capacity (qt) of chromi-
um with respect to time (t), its dynamic suggests that the 
mechanism was carried out in two steps, the adsorp-
tion is fast in the first five minutes and the equilibrium 
was reached after 20 minutes. Once the equilibrium was 
achieved, a removal of 64.8% of chromium was obtained.
Figure 10. Chromium biosorption in aque-
ous solution with contact time
The kinetic constants and correlation coefficients calcu-
lated from the models are shown in Table 3, where R2 va-
lues for pseudo-first order model were low, and the model 
that best represents the experimental data was pseudo-
second order model for adsorption of lead (II) and chro-
mium by ZMR from aqueous solutions. According to R2 of 
diffusion-chemisorption model, it appears that the adsorp-
tion includes chemisorption mechanism and intraparticle 
diffusion [28].
Experimental data for lead (II) and chromium were ad-
justed to kinetic model of pseudo-second order which 
are shown in Figure 11 and Figure 12 show the diffusion 
chemisorption model applied to the experimental data of 
lead (II) and chromium. In the last two figures correlation 
coefficients were close to one which indicate the process 
of chemisorption and intraparticle diffusion may be con-
tributing to this process, as referred by Ho et al. [27].
 
 
solutions. According to R2 of diffusion-chemisorption model, it appears that the 
adsorption includes chemisorption mechanism and ntraparticle diffusion [28]. 
Table 3. Kinetic parameters obtained from the biosorption of lead (II) and 
chromium by ZMR and models 
Sorbate 
Kinetic Pseudo-first order  Pseudo-second order  Diffusion-chemisorption 
qe exp C0 K qe
R2
K qe
R2
qe  K 
R2mg g-1 mgL-1 h-1 mg g-1 g (mg.h)-1 mg g-1 mg g-1 mg (g.t0.5)-1
Lead (II) 1.11 10 0.70 0.32 0.57 10.36 1.12 0.999 1.15 27.55 0.989 
Total Cr 0.64 10 3.32 0.01 0.11 10.28 0.67 0.998 0.67 39.37 0.996 
Experimental data for lead (II) and chromium were adjusted to kinetic model of 
ps udo-second order which are shown in Figur  11 and Figure 12 show the 
diffusion chemisorption model applied to the experimental data of lead (II) and 
chromium. In the last two figures correlation coefficients were close to one 
which indicate the process of chemisorption and intraparticle diffusion may be 
contributing to this process, as referred by Ho et al. [27]. 
Figure 11. Experimental data for the biosorption of a) lead (II) and b) chromium 
fitted to the pseudo-second order model
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Figure 11. Experimental data for the biosorption of a) lead (II) 
and b) chromium fitted to the pseudo-second order model 
 
Figure 12. Experimental data for the biosorption of a) lead (II) and b) chromium 
fitted to the diffusion-chemisorption model 
The same kinetic behavior for other biosorbents, has been reported by Sari et 
al. [30], where the removal of lead (II) and cadmium (II) from aqueous solutions 
using biomass of a macro-mushroom (Amanita rubescens) reached the 
equilibrium in 30 minutes; Venugopal [55] removed chromium from aqueous 
solutions using Parthenium hysterophorus and Garcia-Rosales and Colin-Cruz 
[10] used stalk sponge as biosorbent to remove lead (II); in all studies the 
kinetic data fitted the pseudo second order model [25,26]. 
3.5.3 Adsorption isotherms 
Table 4 shows the parameters obtained from fitting the experimental data to 
Langmuir, Freundlich and the combined Langmuir-Freundlich model, the last 
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Figure 12. Experimental data for the biosorption of a) lead (II) 
and b) chromium fitted to the diffusion-chemisorption odel
The same kinetic behavior for other biosorbents, has been 
reported by Sari t al. [30], where the rem val of l ad (II) 
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and cadmium (II) from aqueous solutions using biomass 
of a macro-mushroom (Amanita rubescens) reached the 
equilibrium in 30 minutes; Venugopal [55] removed chro-
mium from aqueous solutions using Parthenium hystero-
phorus and Garcia-Rosales and Colin-Cruz [10] used stalk 
sponge as biosorbent to remove lead (II); in all studies the 
kinetic data fitted the pseudo second order model [25,26].
Adsorption isotherms
Table 4 shows the parameters obtained from fitting the ex- 
perimental data to Langmuir, Freundlich and the combined 
Langmuir-Freundlich model, the last one had the lowest 
R2. Figure 13 a) shows the experimental data of adsorption 
of lead (II) and its fit to the Freundlich model and Figure 
13 b) shows the experimental data for chromium fitted to 
Langmuir model with qmax = 1.12 mg g
-1 .
Figure 13. a) Adjustment of lead (II) to Freundlich model 
b) Adjustment of chromium to Langmuir model
Low values of the L parameter (Table 4) from Langmuir mo-
del indicate that the adsorbent has a high affinity for me-
tals. The essential features of this model can be explained 
in terms of the dimensionless separation parameter RL, 
which was calculated using the parameter b in the expres-
sion: RL = 1/(1 + bCo). In the concentrations rate evaluated 
(5-100 mg/L), values of RL for lead (II) were between 0.52 
and 0.95 and between 0.03 and 0435 for chromium, indi-
cating that the adsorption of the two metals is favorable 
by ZMR. Langmuir model suggests that sorption occurs at 
the surface of solid [56, 57].
Freundlich model assumes that the strongest binding sites 
are occupied and the first bond strength decreases with 
increasing degree of occupation of the site [36, 57]. KF is 
a constant related to the sorption capacity, while 1/n is 
related to the strength of sorption, a value near unity indi-
cates favorable sorption intensity. As shown in Table 3 the 
values of 1/n are 0.81 for adsorption of lead (II) and 0.19 for 
chromium, so the intensity of adsorption is more favorable 
for lead (II).
Similar results for lead (II) were found by García-Rosales 
and Colin Cruz [10], who used stalk sponge and obser-
ved that experimental data fits Freundlich model and the 
material had heterogeneous surface. Bertagnolli et al. [13] 
reported the adsorption of chromium by Sargasum mea-
dowsweet wastes and they showed good fit of experimen-
tal data to the Langmuir isotherm, indicating a homoge-
neous surface.
CONCLUSIONS
ZMR characterization showed a mesoporous biosorbent 
with an average pore size of 6.16 nm, with a BET surface 
area equal to 1.4626 m2 g-1, and it is stable up to 220 °C, 
with functional groups such as: - OH, -C = O and -COO-, 
with a major composition of C and O, which corresponds 
to the structure of a lignocellulosic material.
The experimental data fit the pseudo-second order mo-
del indicating that adsorption of lead (II) and chromium on 
ZMR is through a process of chemisorption with removal 
percentages of 100 and 64.8% respectively.
 
Freundlich isotherm describes the adsorption process for 
lead (II) (R2 = 0.9880) and the Langmuir isotherm for chro-
mium (R2 = 0.999), showing that it is an appropriate bioma-
terial ZMR for removal of both metals at pH 5, although it is 
more favorable for lead (II) since the maximum adsorption 
capacity was 12.47 mg g-1 and an intensity of adsorption 
of 0.81.
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